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Case 620 FROM: L .  A .  F e r r a r a  

TM-68-1022-3 

TECHNICAL MEMORANDUM 

1 . 0  I N T R O D U C T I O N  

The Apol lo  A p p l i c a t i o n s  Program (AAP) has under  
development  a manned s o l a r  o b s e r v a t i o n  sys t em d e s i g n a t e d  
t h e  Apol lo  T e l e s c o p e  Mount ( A T M ) .  The Apol lo  Te le scope  
Mount i s  d e s i g n e d  t o  be  a t t a c h e d  t o  t h e  lower s e c t i o n  o f  a 
m o d i f i e d  Apo l lo  Lunar  Module (LM-A) i n  Dlace  of t h e  LM d e s c e n t  
s t a g e ,  fo rming  a new m i s s i o n  module d e s i g n a t e d  t h e  Lunar  Module/ 
Apo l lo  T e l e s c o p e  Mount ( L W A T M ) .  The ATP! i s  b e i n g  d e s i g n e d ,  
deve loped  and t e s t e d  by t h e  NASA Marshall Space F l i g h t  Cen te r  
which i s  a l s o  r e s p o n s i b l e  f o r  t h e  o v e r a l l  ATM p r o j e c t  management. 
The NASA Manned S p a c e c r a f t  Cen te r  has r e s p o n s i b i l i t y  for t h e  
m o d i f i e d  LM-A. The s o l a r  t e l e s c o p e  expe r imen t s  which mount 
i n  t h e  ATM expe r imen t  package are  b e i n g  p r o v i d e d  under  s e p a r a t e  
s u b c o n t r a c t s  by t h e  o r g a n i z a t i o n  a f f i l i a t e d  w i t h  t h e  P r i n c i p a l  
I n v e s t i g a t o r  for each  expe r imen t .  T h i s  memorandum d e s c r i b e s  
t h e  f u n c t i o n s  of t h e  ATM, i t s  s u p p o r t i n g  subsys tems and exDer i -  
men t s .  The d e s c r i p t i o n  r e f l e c t s  t h e  ATM sys t ems  d e s i g n  as o f  
F e b r u a r y  1968.  

The LM/ATM i s  p lanned  t o  be l a u n c h e d  unmanned as 
t h e  p a y l o a d  o f  an u p r a t e d  S a t u r n  1B l aunch  v e h i c l e ,  and t h e  
f l i g h t  i s  d e s i g n a t e d  f o r  m i s s i o n  p l a n n i n g  pu rposes  as AAP-4. 
The LM/ATM f l i g h t  w i l l  b e  flown i n  c o n j u n c t i o n  w i t h  a manned 
CSM ( f l i g h t  AAP-3) as p a r t  of  the  AAP manned o r b i t a l  workshop 
m i s s i o n .  The CSM w i l l  r endezvous  and dock w i t h  t h e  LM/ATM i n  
e a r t h  o r b i t  and e x t r a c t  t h e  p a s s i v e  LM/ATM from t h e  AAP-4 SLA. 
Two a s t r o n a u t s  w i l l  t r a n s f e r  t o  t h e  p r e s s u r i z e d  c a b i n  i n  t h e  
LM-A i n  o r d e r  t o  a c t i v a t e  and checkout  the  s p a c e c r a f t  subsys tems.  
A f t e r  comple t ion  o f  checkout ,  t h e  crew w i l l  r e t u r n  t o  t h e  CSM; 
and t h e  combined CSM-LM/ATM w i l l  t h e n  be b o o s t e d  by t h e  S e r v i c e  
Module (SM) p r o p u l s i o n  sys t em f rom t h e  i n i t i a l  rendezvous  o r b i t a l  
a l t i t u d e  of 210 NM t o  approx ima te ly  230 NM; the  b o o s t  will be  
t i m e  phased  t o  i n t e r s e c t  t he  o r b i t a l  p a t h  o f  t h e  q u i e s c e n t  
unmanned O r b i t a l  Workshop/Airlock Module/Mult iple  Docking Adapter  
(OWS/AM/MDA); The t e r m i n a l  phase  of t h e  rendezvous  maneuver as 
w e l l  as dock ing  w i l l  be  accompl ished  b y  t h e  use  of  t h e  LM-A and 
CSM r e a c t i o n  c o n t r o l  s y s t e m s  (RCS). Dur ing  t h e  f i n a l  p o r t i o n  of  
t h e  t e r m i n a l  phase, t h e  LM-A w i t h  two a s t r o n a u t s  a b o a r d  w i l l  
s e p a r a t e  f rom t h e  CSM which i s  under  t h e  c o n t r o l  o f  one a s t r o n a u t .  
The CSM w i l l  dock t o  t h e  a x i a l  p o r t  ( p o r t  5 )  of  t h e  MDA and 
s t a b i l i z e  t h e  OWS; t h e  LM-A w i l l  t h e n  dock t o  p o r t  4 of t h e  MDA 
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u s i n g  t h e  LM RCS f o r  maneuvering.  To minimize d i f f i c u l t i e s  (dock-  
i n g  p robe  and drogue  i n t e r c h a n g e ,  a d d i t i o n a l  p r o p e l l a n t  consumpt ion)  
a s s o c i a t e d  w i t h  t h e  o r i g i n a l l y  p l anned  doub le  rendezvous ,  r e c e n t  
m i s s i o n  p l a n s  r e q u i r e  t h e  unmanned LM/ATM to make a r e m o t e l y  con- 
t r o l l e d  rendezvous  and dock t o  t h e  MDA a f t e r  t h e  manned CSM has 
docked to t h e  OWS/AM/MDA. S t u d i e s  a re  underway 
t o  e v a l u a t e  t h e  program impact o f  t h e  d i r e c t  unmanned LM/ATD/! 
rendezvous  and docking;  however, no impact  on ATM sys tems are  
f o r e s e e n  i n  t h i s  o p e r a t i o n a l  mode. 

2 . 0  ATDl OBJECTIVES 

The p r i n l 2 i p a l  o b j e c t i v e s  of  t h e  LM/ATIVI m i s s i o n  a r e :  

a .  t o  e v a l u a t e  t h e  a b i l i t y  of  man t o  o p e r a t e  complex 
s c i e n t i f i c  i n s t r u m e n t s  i n  t h e  s p a c e  envi ronment .  

b .  to a c q u i r e  h i g h  r e s o l u t i o n  images and o t h e r  d a t a  o f  
t h e  s u n  frofi; above tiie e a r ~ i h ' s  at n i ~  s ph e re du I- i tig t i l  e 
period of e n e r g e t i c  solar a c t i v i t y .  

To accompl ish  t h e  b r o a d  o b j e c t i v e  of o b t a i n i n g  p r e c i s e  
s c i e n t i f i c  data on t h e  s o l a r  d i s c  and s u r r o u n d i n g  areas,  t he  ATM 
i s  c o n f i g u r e d  as a manned o r b i t i n g  s o l a r  o b s e r v a t o r y  w i t h  
a p p r o p r i a t e  e l e c t r o - o p t i c a l  equipment  t o  obse rve  and r e c o r d  t h e  
s o l a r  phenomena. The ATM i s  d e s i g n e d  t o  p e r m i t  t h e  a s t r o n a u t  t o  
s e l e c t  and gu ide  t h e  t e l e s c o p e s  t o  s p e c i f i c  t a r g e t  areas o f  
i n t e r e s t ,  p e r f o r m  r o u t i n e  t a s k s  on t h e  exper iment  t e l e s c o p e s  
and f i l m  s y s t e m s ,  such  a s  o p e r a t i n g  a d j u s t m e n t s ,  and change o f  
camera f i l m  p a c k s .  I n  a d d i t i o n ,  t h e  ATM w i l l  f u r n i s h  t h e  
n e c e s s a r y  subsys t em s u p p o r t  t o  t h e  expe r imen t s  i n  t h e  form o f  
e n v i r o n m e n t a l  ( t h e r m a l )  c o n t r o l ,  e l e c t r i c a l  power, communicat ions,  
p o i n t i n g  c o n t r o l ,  and means for mechan ica l  s u p p o r t  and p r o t e c t i o n .  
The d e s i g n  c r i t e r i a  f o r  t h e  hardware components compr i s ing  t h e  
LM/ATM i s  based on a s i x  month o r b i t a l  l i f e t i m e  (Refe rence  2 ) .  I n  
g e n e r a l ,  t h e  d e s i g n  p rov ides  f o r  r edundan t  means ( i n c l u d i n g  manual)  
of p e r f o r m i n g  a l l  f u n c t i o n s  which e f f e c t  crew s a f e t y  and m i s s i o n  
s u c c e s s .  

3 .0  ATM SYSTEMS 

The Apo l lo  Te le scope  Mount sys t ems  are d i v i d e d  i n t o  
the f o l l o w i n g  c a t e g o r i e s  : 

a.  S t r u c t u r a l  and Mechanical  ( i n c l u d i n g  Thermal)  
b .  P o i n t i n g  and Con t ro l  
c .  E l e c t r i c a l  Power 
d . I n s t r u m e n t a t i o n  and Communications 
e .  Exper imen t s  
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3 . 1  S t r u c t u r a l  and Mechanical Subsystem 

The ATM s t r u c t u r a l  and mechan ica l  subsys t em i n c l u d e s  
t h e  r a c k ,  expe r imen t  package ,  f i n e  g imbal  u n i t s ,  and thermal  
c o n t r o l .  

3 . 1 . 1  Rack 

The r a c k  i s  an o c t a g o n a l  t r u s s w o r k  o f  t u b u l a r  
aluminum which w i l l  c a r r y  t h e  ATM s y s t e m s ,  s u p p o r t  t he  LM-A 
and  house  t h e  expe r imen t  Dackage. During b o o s t  i t  i s  h e l d  
i n  t h e  S p a c e c r a f t  Lunar  Module Adapter  (SLA)  by t h e  f o u r  
LM a t t a c h  p o i n t s  which d i s t r i b u t e  t h e  LM/ATM l o a d s  t o  t h e  
l aunch  v e h i c l e  and p r o v i d e  l a t e r a l  s t i f f n e s s  t o  t h e  SLA. 
The r a c k  measures  232 i n c h e s  a c r o s s  a t  t h e  a t t a c h  p o i n t s  
and i s  9 7 . 5  i n c h e s  deep .  Each r a c k  end p l a n e  i s  a shear 
web beam,wi th  a 1 1 2 . 8  i n c h  diameter  c e n t e r  h o l e  t o  accomodate 
t h e  expe r imen t  package s u p p o r t  r i n g  and o u t e r  g imbal  s u p p o r t  
r e q u i r e d  f o r  f i n e  p o i n t i n a  of t h e  expe r imen t  nackage.  The 
lower s e c t i o n  of t h e  r a c k  has  been ex tended  f o u r  f e e t  t o  
s u p p o r t  a s o l a r  r a d i a t i o n  s n i e  Ld, solar a r r a y  deployment 
mechanisms, and components which must be  t h e r m a l l y  p r o t e c t e d .  

3 . 1 . 2  Experiment  Package 

The expe r imen t  package i s  an 82 i n c h  diameter 
c y l i n d e r ,  130  i n c h e s  l o n g  which c o n t a i n s  t h e  t e l e s c o p e s  and 
cameras  f o r  t h e  s o l a r  o b s e r v a t i o n s .  The o p t i c a l  d e v i c e s  are  
mounted on a t h e r m a l l y  i s o l a t e d  c r u c i f o r m  s p a r  which d i v i d e s  
t h e  package i n t o  f o u r  segments .  The spar  i s  s u r r o u n d e d  b y  

p r o t e c t i o n .  F i g u r e  2 shows t h e  o u t l i n e  of t h e  r a c k  and e x p e r i -  
ment package .  It  s h o u l d  be n o t e d  t ha t  t h e  expe r imen t  package 
and  r a c k  e x t e n s i o n  p r o t r u d e  below t h e  normal  I n s t r u m e n t  U n i t  
(IU)/S-IVB i n t e r f a c e  and t h e r e f o r e  r e q u i r e s  a t h r e e  f o o t  s t r u c t u r a l  
s p a c e r  t o  be added between the SLA and t h e  IU. 

9 c y l i n d r i c a l  s h r o u d  which p r c v i d e s  t h e r m a l  and c c n t a m i n a t i o n  

3 .1 .3  F i n e  Gimbal 

The expe r imen t  package i s  a t t a c h e d  t o  t h e  r a c k  v i a  
t h e  s u p p o r t  r i n g  and a two f l e x u r e  p i v o t  g imba l  system. These s u p p o r t s  
p e r m i t  t h e  expe r imen t  s p a r  t o  b e  f i n e l y  p o s i t i o n e d  +2' i n  
p i t c h  and yaw and +95" t o  -120' i n  t h e  roll a x i s  w i tE  r e s p e c t  t o  
t h e  ATM r a c k .  P y r o t e c h n i c  a c t u a t e d  cag ing  d e v i c e s  m e c h a n i c a l l y  l o c k  
t h e  expe r imen t  package t o  t h e  r a c k . t o  r e l i e v e  t h e  l o a d s  on t h e  g imba l  
p i v o t s  d u r i n g  l a u n c h  and docking.  There  a r e  e i g h t  d e v i c e s  t o  
c o n s t r a i n  t h e  expe r imen t  package i n  p i t c h  and yaw, one d e v i c e  
f o r  roll. 
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Type Opera t  i n p  
H e a t e r  Temnerature  

O p e r a t i n g  
T e  mp e r a t  u re  

70 OF 6 3OF S t  and-of f 
- + l ° F  E l e  e t  r i  c 

70 OF 7 0 0 ~  I n t e g r a l  
- +2'F E l e  e t  r i  c 

Not r e q u i r e d  70 OF 

3 . 1 . 4  Thermal  C o n t r o l  

F i l m  t h e r m a l  s e n s i t i v i t y  and c r i t i c a l  o p t i c a l  a l ignment  
r e q u i r e  c l o s e  t h e r m a l  c o n t r o l  of  t h e  expe r imen t  nackage d u r i n g  
expe r imen t  o p e r a t i o n .  The a b s o l u t e  lower t e m p e r a t u r e  l i m i t  which 
t h e  e x p e r i m e n t s  o p t i c s  can w i t h s t a n d  w i t h o u t  damage i s  -15'F. Such 
a c o n d i t i o n  may o c c u r  d u r i n g  t h e  t ime p r e c e d i n g  a c t i v a t i o n  or 
d u r i n g  p ro longed  power-down o r b i t a l  c o n d i t i o n s .  From a t h e r m a l  
s t a n d p o i n t ,  t h e  p r e f e r r e d  o r b i t a l  s t o r a g e  mode i s  s u n  o r i e n t e d ,  
i n e r t i a l l y  s t a b i l i z e d  w i t h  t h e  a c t i v e  c o o l i n g  s y s t e m  and h e a t e r s  
o p e r a t i o n a l .  T h e r m o s t a t i c a l l y  c o n t r o l l e d  e l e c t r i c  h e a t e r s  a r e  
p r o v i d e d  for each  of  t h e  c r i t i c a l  e x p e r i m e n t s .  T a b l e  I l i s t s  t h e  
t h e r m a l  r e q u i r e m e n t s .  

The ATM t h e r m a l  c o n t r o l  c o n s i s t s  o f  b o t h  an a c t i v e  and 
a p a s s i v e  sys t em.  Rack mounted ATM components,  s u c h  as b a t t e r i e s ,  
e l e c t r o n i c s  and c o n t r o l  moment gy ros  a r e  p a s s i v e l y  c o n t r o l l e d  
t h r o u g h  t h e  a p p l i c a t i o n  of p r o p e r  t h e r m a l  c o a t i n p s  and p o s i t i o n -  
i n g  w i t h  r e s p e c t  t o  h e a t  s i n k s  and r a d i a t i n g  s u r f a c e s .  The 
expe r imen t  package  i s  t h e r m a l l y  c o n t r o l l e d  b y  an  a c t i v e  c o o i i n g  
s y s t e m  l o c a t e d  on t h e  c a n i s t e r ;  h e a t  r a d i a t e d  by  t h e  spar m u n t e e  
e x p e r i m e n t s  i s  abso rbed  by co ld  p l a t e s  on t h e  i n n e r  s u r f a c e  o f  
t h e  s h r o u d  and t r a n s p o r t e d  b y  c i r c u l a t i n g  c o o l a n t  t o  r a d i a t o r s  
on t h e  o u t s i d e  of t h e  s h r o u d ,  where h e a t  i s  e x p e l l e d  t o  s p a c e .  

T a b l e  I 

*From Refe rence  5 
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To s a t i s f y  t h e  d i v e r s e  experiment  thermal r e q u i r e m e n t s ,  t h e  
i n t e r i o r  o f  t h e  expe r imen t  c a n i s t e r  i s  a c t i v e l y  coo led  by 
s i x t e e n  c o l d p l a t e s  ( f o u r  c o l d p l a t e s  are  mounted on t h e  i n n e r  
c a n i s t e r  s u r f a c e  i n  each  exper iment  package q u a d r a n t ) .  The 
c i r c u l a t i n g  c o o l a n t  w i l l  m a i n t a i n  t h e  c o l d p l a t e  s u r f a c e s  a t  
50°F t 1°F, and t h e  a s s o c i a t e d  heaters  ( p l u s  any i n t e r n a l  
hea t  g e n e r a t e d  i n  t h e  e x p e r i m e n t )  w i l l  b r i n g  t h e  i n d i v i d u a l  
expe r imen t  t e m p e r a t u r e  up t o  t h e  d e s i r e d  l e v e l .  The power 
p e n a l t y  f o r  a l l  expe r imen t  h e a t e r s  i s  estimated a t  331 watts,  
a v e r a g e .  R a d i a t o r s  on t h e  exposed sun-end s ides  o f  t h e  c y l i n d r i c a l  
c a n i s t e r  w i l l  r e j e c t  t h e  absorbed  heat  t o  s p a c e .  L i m i t e d  s u r f a c e  
area ( a b o u t  85 f t 2 )  i s  a v a i l a b l e  f o r  r a d i a t o r  mountinp,  and t h i s  
r e q u i r e s  a wide t e m p e r a t u r e  r a n g e ,  h igh  s p e c i f i c  hea t  c o o l a n t  
s u c h  as methanol /water  (80%/20%). 

3.2 P o i n t i n g  C o n t r o l  System 

The ATM P o i n t i n g  C o n t r o l  S y s t e m  (PCS)  c o n s i s t s  o f  
c o a r s e  and f i n e  p o i n t i n g  c o n t r o l  subsys t ems .  The c o a r s e  sub- 
s y s t e m  i s  t h e  CMG c o n t r o l  subsys tem,  and i t  w i l l  F r o v i d e  s o l a r  
and  o r b i t a l  p l a n e  a c q u i s i t i o n ,  a u t o m a t i c  h o l d ,  and manual 
o p e r a t i o n .  I t  has t h e  c a p a c i t y  o f  m a i n t a i n i n g  t h e  i n e r t i a l  
a t t i t u d e  of  t h e  c o n f i g u r a t i o n  w i t h  t h e  LM/ATM docked t o  t h e  
MDA. The f i n e  or exper iment  p o i n t i n g  c o n t r o l  subsys tem,  which i s  
unde r  c o n t r o l  o f  t h e  a s t r o n a u t s  i n  t h e  LPn i s  capab le  o f  t a r g e t  
a c q u i s i t i o n ,  o f f s e t  p o i n t i n g  o f  t h e  exper fment  package ,  and 
a u t o m a t i c  h o l d .  The f i n e  p o i n t i n g  c o n t r o l  subsys tem a c t s  as 
a v e r n i e r  a d j u s t m e n t  t o  t h e  CMG c o n t r o l  subsys t em f o r  p o s i t i o n i n g  
t h e  expe r imen t  package .  It a l s o  s e r v e s  t o  i s o l a t e  motion 
d i s t u r b a n c e s  g e n e r a t e d  i n  t h e  a s s e m b l y  from r e a c h i n g  
t h e  t e l e s c o p e s .  F i g u r e  3 i s  a f u n c t i o n a l  b l o c k  d iagram of  t h e  
ATM p o i n t i n g  and c o n t r o l  sys tem.  

The PCS r e q u i r e m e n t s  a r e :  

P o i n t i n g  Accuracy 

P o i n t i n g  S t a b i l i t y  

D r i f t  

J i t t e r  Rate * 

t2.5 a r c s e c .  ( p e a k ) - p i t c h  and yaw 
t10 a rcmin .  ( p e a k ) - r o l l  
t2.5 a r c s e c .  (RDIS)-Der 15 minute  

p e r i o d  ( p i t c h  and yaw) 
t7.5 a rcmin .  (RMS)-per 15 minute  

p e r i o d  (roll) 
+1 a r c s e c .  (RMS)-per s econd  ( p i t c h  

and yaw) 
t1 a rcmin .  (RMS)-per second (roll) 

- 
- 
- 

- 

- 

- 

*Requi r e  men t under  review 
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R e p o s i t i o n  c a p a b i l i t y  from any 
p o i n t  to any o t h e r  p o i n t  w i t h i n  
a 2 1  a r c  minu te  s q u a r e  nomina l ly  
c e n t e r e d  on t h e  s o l a r  d i s c .  
R e p o s i t i o n  and s e t t l i n g  t i m e  
s h a l l  n o t  exceed  one minu te .  

R o l l  O r i e n t a t i o n  +95 t o  -120O degrees from z e r o  
roll r e f e r e n c e .  

Values  g i v e n  a re  c o n s i d e r e d  d e s i g n  g o a l s  f o r  component 
and sys t em development .  Accuracy as used  h e r e i n  r e fe r s  t o  t h e  
a b i l i t y  o f  t h e  p o i n t i n g  c o n t r o l  sys tem t o  p r e c i s e l y  p l a c e  t h e  
o p t i c a l  a x i s  on a s p e c i f i e d  p o i n t  on t h e  s o l a r  d i s c  i n  some 
r e f e r e n c e  c o o r d i n a t e  sys t em.  The s t a b i l i t y  o f  t h e  PCS r e fe r s  
t o  how w e l l  t h e  s y s t e m  ho lds  t h e  i n i t i a l l y  a c q u i r e d  a t t i t u d e  i n  
t h e  p r e s e n c e  of p e r t u r b i n g  f o r c e s  ( s u c h  as thermal d r i f t  or crew 
mot ion )  f o r  t h e  g i v e n  t i m e  p e r i o d .  J i t t e r  i s  d e f i n e d  as h i g h e r  
f r e q u e n c y  a t t i t u d e  p e r t u r b a t i o n s  due t o  random phenomena which 
are super imposed  on the  p e r t u r b a t i o n s  a f f e c t i n g  s t a b i l i t y .  The 
j i t t e r  l i m i t s  are t h e  minimum v a l u e s  n e c e s s a r y  to p r e v e n t  smear ing  
o f  t h e  p h o t o g r a p h i c  f i l m  of t h e  exper iment  w i t h  t h e  l o n g e s t  
e x p o s u r e  t i m e .  

3 . 2 . 1  C o n t r o l  Moment Gyro C o n t r o l  Subsystem 

The main element  o f  t h e  c o a r s e  p o i n t i n g  c o n t r o l  subsys t em 
i s  a group of  th ree  double-g imbal led  c o n t r o l  moment gy ros  
mounted on the  ATM r a c k  t r u s s w o r k  t o  Drovide  t o r q u e s  f o r  
c o a r s e  p o s i t i o n i n g  o f  t h e  ATM i n  roll, p i t c h  and yaw. Torques 
a r e  der ived  b y  c o n t r s l l i n g  t h e  r a t e  o f  movemefit of t he  g y r o  
g i m b a l s  of  t he  c o n s t a n t  speed  i n e r t i a  wheels ,  e a c h  of  which has 
a s p i n  a n g u l a r  momentum of  a t  least  2000  foot-pound seconds .  
T h i s  momentum i s  o f  s u f f i c i e n t  s i z e  t o  p e r m i t  t h e  CMG s y s t e m  t o  
s t a b i l i z e  t h e  e n t i r e  c o n f i g u r a t i o n  when t h e  LM/ATM i s  docked to 
the M n . 4 ,  The C M G ' s  are n o t  a c t i v a t e d  u n t i l  t h e  LM/ATM 
is docked t o  t h e  MDA and t h e  ATM s o l a r  p a n e l s  are dep loyed .  

( C M G )  

The CMG c o n t r o l  subsys t em components are s e n s o r s ,  
a c t u a t o r s  ,and computers  t h a t  p r o v i d e  t h e  f o l l o w i n g  f u n c t i o n s  : 

1. S e n s o r s  

a. S i x  r a t e  gyros  ( two each  r edundan t  gy ros  f o r  
roll, p i t c h  and yaw axes) s e n s e  t h e  r a t e  o f  d i r e c t i o n a l  
change and g e n e r a t e  c o r r e s p o n d i n g  a n a l o g  s i g n a l s  which 
are used  i n  bo th  t h e  CMG C o n t r o l  Subsystem and t h e  
Exper iment  P o i n t i n g  C o n t r o l  (EPC)  Subsystem. The 
p i t c h  and yaw r a t e  gyros are  mounted on t h e  expe r imen t  
s p a r , a n d  Drovide r a t e  i n f o r m a t i o n  to damp EPC 
s y s t e m  mot ion  d u r i n g  d a y l i g h t  o p e r a t i o n ,  and an i i i t e g r a t e d  
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s i g n a l  f o r  s p a c e c r a f t  p o s i t i o n  and r a t e  c o n t r o l  i n  
p i t c h  and yaw d u r i n g  o r b i t a l  d a r k s i d e  o p e r a t i o n .  
The roll ra te  gyros  are  mounted on t h e  ATM r a c k  L 

and p r o v i d e  p o s i t i o n  and r a t e  i n f o r m a t i o n  f o r  roll 
c o n t r o l  of bo th  t h e  v e h i c l e  and t h e  expe r imen t  
package .  

b .  The a c q u i s i t i o n  s u n  s e n s o r  a s s e m b l y  i s  a c o a r s e  
a t t i t u d e  r e f e r e n c e  d e v i c e  of p h o t o v o l t a i c  c e l l s  
which d e t e c t s  t h e  S u n ' s  c e n t e r , a n d  i s  used  as 
t h e  p i t c h  and y a w  r e f e r e n c e  f o r  t h e  ATM r a c k .  

c .  A s t a r  t r a c k e r  assembly i s  a d o u b l e  g imba l  
t e l e s c o p e  t h a t  l o c k s  o n t o  and t r a c k s  a s t a r  o f  
known r e f e r e n c e  p o s i t i o n .  Comparis ion o f  t h e  
gimbal p o s i t i o n s  e s t a b l i s h  t h e  roll r e f e r e n c e  
f o r  b o t h  t h e  v e h i c l e  and t h e  expe r imen t  package .  
CANOPUS i s  c u r r e n t l y  programmed as t h e  p r imary  
r e f e r e n c e  s t a r  b u t  because  t h e  deployed  s o l a r  
array p a n e l s  rriay a b s t r u c t  t h e  view af CAN2PU.S 
f o r  much of  t h e  m i s s i o n  t i m e ,  t h e  s t a r  ACHERNAR 
i s  p l a n n e d  t o  b e  programmed as a secondary  
r e f e r e n c e .  

2 .  A c t u a t o r s  

a. The t h r e e  i d e n t i c a l  c o n t r o l  moment g y r o s  p r e v i o u s l y  
d e s c r i b e d  are  the p r i m a r y  a c t u a t o r s  which p r o v i d e  
t o r q u e s  f o r  ATM p o s i t i o n i n g .  Each CNG i s  p6wered 
by an i n v e r t e r  a s s e m b l y  t h a t  c o n v e r t s  2 8  VDC to: 

(1) 115 V A C ,  3 Phase,  400 Hz power 

( 2 )  1 0  VAC,single phase ,  800  Hz 

( 3 )  1 0  VAC,single phase ,  4 . 8  KHz 

( sp in -up  and r u n n i n g  of  t h e  C M G s )  

( s e n s o r  and c o n t r o l  r e f e r e n c e )  

( s e n s o r  and c o n t r o l  r e f e r e n c e )  

b. Pr imary  CMG momentum d e s a t u r a t i o n  when t h e  LM/ATM 
i s  docked t o  t h e  OWS/AM/MDA w i l l  be  by a u t o m a t i c  
g r a v i t y - g r a d i e n t  dump and t h e  p r imary  backup w i l l  
be  a manual ly  c o n t r o l l e d  g r a v i t y - g r a d i e n t  dump. 
The secondary  mode of momentum d e s a t u r a t i o n  w i l l  
b e  t h e  CSM R e a c t i o n  C o n t r o l  System. A Workshop 
A t t i t u d e  Con t ro l  System (WACS) mounted on t h e  a f t  
end of t h e  S-IVB s t a g e  i s  b e i n g  s t u d i e d  as an  
a l t e r n a t e  moment um des a t  u r a t  i o n  sys t em.  
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3. Compute rs 

a .  The ATM C o n t r o l  Computer i s  an a n a l o g  d e v i c e  which 
c o n t a i n s  t h e  s i g n a l  c o n d i t i o n i n g ,  mode c o n t r o 1 , a n d  
l o g i c  n e c e s s a r y  t o  i n t e g r a t e  t h e  v a r i o u s  PCS 
f u n c t i o n s  f o r  b o t h  t h e  CMG and t h e  EPC c o n t r o l  
subsys t ems .  

c o n t r o l  computer by computing r e q u i r e d  roll 
commands, expe r imen t  roll r e f e r e n c e ,  i n s t a n t a n e o u s  
CMG momentum and a t t i t u d e  p o s i t i o n  f o r  g r a v i t y -  
g r a d i e n t  momentum dump. It a l s o  p r o v i d e s  t i m i n g  s i g R a l s  
for o t h e r  ATM sys t ems :  a u t o  mode s w i t c h i n g ,  e x p e r i -  
ment s h u t t e r  doors  c o n t r o l ,  m i s s i o n  e l a p s e d  t i m e  f o r  
expe r imen t  data c o r r e l a t i o n .  

b .  The d i g i t a l  computer i s  used  t o  augment t h e  PCS 

3 . 2 . 2  Experiment  P o i n t i n g  C o n t r o l  ( E P C )  Subsystem 

The EPC subsys t em c o n t a i n s  s e n s o r s  and a c t u a t o r s  t o  
accompl i sh  t h e  f i n e  p o i n t i n g  o f  t h e  expe r imen t  package.  

1. S e n s o r s  

a. The r a t e  gyros  used f o r  t h e  EPC a r e  common w i t h  the 
s i x  g y r o s  i n  t h e  CMG c o n t r o l  sys t em,  t h e  o u t p u t s  o f  
which are used  t o  p o s i t i o n  and c o n t r o l  t h e  f i n e  
p o i n t i n g  of t h e  exper iment  s p a r .  

b .  The f i n e  s u n  s e n s o r  assembly p r o v i d e s  t h e  p i t c h  and 
yaw a t t i t u d e  i n f o r m a t i o n  n e c e s s a r y  f o r  f i n e  p o i n t i n g  
of t he  ATM exper iment  package and i s  r i g i d l y  mounted 
t o  t h e  s p a r .  

The f i n e  s u n  s e n s o r  e l e c t r o n i c  assembly 
c o n t a i n s  t h e  r e q u i r e d  e l e c t r o n i c s  to c o n d i t i o n  t h e  
d e t e c t o r  o u t p u t  i n t o  u s a b l e  a t t i t u d e  e r r o r  s i g n a l s  
and p r o v i d e s  f o r  o f f s e t  p o i n t i n g  o f  t h e  expe r imen t  
package .  

2 .  A c t u a t o r s  

a .  The EPC a c t u a t o r s  a re  t h r e e  DC motors  which p r o v i d e  
t h e  n e c e s s a r y  t o r q u e  i n  roll, p i t c h  and yaw t o  f i n e  
p o i n t  the  exper iment  package .  The e n t i r e  t e l e s c o p e  s y s t e m  
i s  p o s i t i o n e d  i n  roll by r o t a t i n g  t h e  c a n i s t e r  abou t  t h e  
o p t i c a l  a x i s .  The p i t c h  and yaw a c t u a t o r s  p r o v i d e  v e r n i e r  
a d j u s t m e n t s  t o  t h e  i n e r t i a l  p o s i t i o n  p r e v i o u s l y  e s t a b l i s h -  
e d  by t h e  C M G s .  A s s o c i a t e d  w i t h  t h e  roll t o r q u e  motor  i s  
t h e  roll a c t u a t o r  s w i t c h  which p r o v i d e s  t h e  a s t r o n a u t  w i t h  
t h e  means t o  p o s i t i o n  t h e  exper iment  package i n  r o l l  from 
h i s  LM end  EVA f i l m  r e t r i e v a l  work s t a t i o n .  
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b .  A t t i t u d e  C o n t r o l  Assembly  (Hand C o n t r o l l e r )  i s  an 
e l e c t r o m e c h a n i c a l  d e v i c e  l o c a t e d  on t h e  ATM C o n t r o l  
and D i s p l a y  p a n e l  i n  t h e  LM-A. The a s t r o n a u t  u s e s  
t h e  c o n t r o l l e r  t o  p o s i t i o n  t h e  Experiment  Package 
and r a c k  i n  a l l  a x e s .  

3 .3  E l e c t r i c a l  Power System (EPS) 

The ATM e l e c t r i c a l  power i s  p r o v i d e d  by a sys t em o f  
d e p l o y a b l e  s o l a r  c e l l  a r r a y s ,  c h a r g e r - b a t t e r y - r e g u l a t o r  modules,  
power d i s t r i b u t i o n  u n i t s ,  m o n i t o r i n g  and c o n t r o l  u n i t s  and t h e  
i n t e r c o n n e c t i n g  c a b l i n g  network.  The power d i s t r i b u t i o n  n e t -  
work i s  shown i n  F i g u r e  4 .  The EPS i s  s i z e d  t o  produce  an 
a v e r a g e  con t inuous  power o f  3 . 8  Kw a t  28 ( + 2 ,  -3) v o l t s  D C .  
P r e s e n t l y  d e f i n e d  power r e q u i r e m e n t s  f o r  o p e r a t i o n  of t h e  ATM 
s y s t e m s  are  3.6 Kw (Avg) i n c l u d i n g  7 5 0 w a t t s  a v e r a g e  pcwer 
c o n t i n u o u s l y  a v a i l a b l e  t o  t h e  LM c a b i n .  An e x t e r n a l  power 
t r a n s f e r  c a b l e  i s  b e i n g  p l anned  which w i l l  p e r m i t  up t o  2 . 5  Kw 
t o  b e  t r a n s f e r r e d  from t h e  ATM EPS t o  s p e c i f i c  l o a d s  or up t o  
1 . 8  Kw from t h e  AM EPS t o  s p e c i f i c  LM/ATM l o a d s .  The ATN and AM 
power b u s s e s  w i l l  n o t  be  p a r a l l e l e d  under  any c i r c u m t a n c e s .  

3 .3 .1  S o l a r  Arrays  

When t h e  LM/ATM docks t o  t h e  OWS/AM/MDA 
f o u r  s e t s  o f  f o l d e d  p a n e l s  w i l l  be  deployed  on " lazy- tong"  booms 
f rom t h e  sun-end of t h e  ATM r a c k ,  i n  a c r u c i f o r m  c o n f i g u r a t i o n  as 
shown i n  F i g u r e  1. Two o p p o s i t e  wings o f  t he  a r r a y  each  c o n t a i n  
88 modules o f  p h o t o v o l t a i c  c e l l s ,  t h e  o t h e r  two wings c o n t a i n  
92  modules e a c h .  Every twenty s o l a r  c e l l  modules (one  p a n e l )  
compr i se  a C i i s c L - E L e  e l z z t i - i c a l  s c u r c e  Which rJp1-i v e r s  e n e r g y ,  
when i l l u m i n a t e d ,  t o  an  i n d i v i d u a l  c h a r g e r - b a t t e r y - r e g u l a t o r  
module (CBRM), t o  s imutaneous ly  charge  t h e  b a t t e r y  and supp ly  
r e g u l a t e d  power t o  the  ATM s y s t e m s .  The modules are composed 
of 684 ,  2cm. x 2cm., .015  i n c h  t h i c k  s i l i c o n  c e l l s  bonded t o  a 
s u b s t r a t e  and p r o t e c t e d  w i t h  . 0 1 2  i n c h  q u a r t z  cove r  g l a s s e s .  
The i n d i v i d u a l  c e l l s  are s e r i e s - p a r a l l e l  connec ted  (114 s e r i e s ,  
6 p a r a l l e l )  t o  p roduce  the d e s i r e d  c u r r e n t  and v o l t a g e  c h a r a c t e r -  
i s t i c s ;  e a c h  module i s  r a t e d  a t  35 wat ts  D C . ,  a t  3 O o C . *  The t o t a l  
s o l a r  a r r a y  w i l l  have  an a c t i v e  c e l l  area o f  1 0 0 7  s q u a r e  f e e t ,  
p r o d u c i n g  a nominal  a r r a y  power o f  1 0 . 6 5  Kw a t  b e g i n n i n g  o f  l i f e  
and 5 5 O C  a v e r a g e  l i g h t - t i m e  a r r a y  t e m p e r a t u r e .  

*Some modules w i l l  be  p r o c u r e d  w i t h  2 2 8 ,  2cm x 6cm c e l l s  
( 2  c e l l s  i n  p a r a l l e l ,  114 jn s e r i e s ) .  The e l e c t r i c a l  c h a r a c t e r -  
i s t i c s  of t he  2cm x 6cm c e l l  modules w i l l  b e  e q u i v a l e n t  t o  t h e  
2 c m  x 2cm c e l l  modules .  
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For low a l t i t u d e  e a r t h  o r b i t a l  m i s s i o n s  where a p o r t i o n  
o f  e a c h  o r b i t  i s  s p e n t  i n  d a r k n e s s ,  t h e  s o l a r  a r r a y  must be  s i z e d  
t o  p r o v i d e  n o t  on ly  t h e  o p e r a t i n g  l o a d  r e q u i r e m e n t s  b u t  a l s o  
b a t t e r y  r e c h a r g e .  
accommodate d i s t r i b u t i o n  l o s s e s  and c f i a r g e r - r e g u l a t o r  i n e f f i c i e n c i e s .  
The power o u t p u t  of exposed p h o t o v o l t a i c  c e l l s  degrade  w i t h  t i m e  due 
t o  c o v e r  g l a s s  e r o s i o n  and r a d i a t i o n  damage. The ATM s o l a r  a r ray  d e s i g n  
i s  based on a 0 . 5 %  r a d i a t i o n  d e g r a d a t i o n  p e r  month f o r  a six-month 
l i f e t i m e .  

I n  a d d i t i o n ,  t h e  array power must be s i z e d  t o  

3 .3 .2  Charge r -Ba t t e ry -Regu la to r  Module (CBRM) 

The CBRM's  r e c e i v e  t h e  u n r e g u l a t e d  power from t h e  
s o l a r  c e l l  p a n e l s  a t  v o l t a g e s  which va ry  from 38 t o  90 v o l t s ,  
depend ing  on c e l l  t e m p e r a t u r e .  The CBRM w i l l  r e c h a r g e  t h e  
b a t t e r y  as w e l l  as p r o v i d e  t h e  r e g u l a t e d  DC v o l t a g e  t o  t h e  
power buses  d u r i n g  t h e  l i g h t s i d e  p a s s a g e ,  t r a n s f e r  t h e  load. 
t o  t h e  b a t t e r y  and r e g u l a t e  t h e  b a t t e r y  v o l t a g e  d u r i n g  t h e  
d a r k s i d e  p a s s a g e .  There  a r e  1 8  CBRM's  (one f o r  e a c h  s e t  o f  
20 s o l a r  c e l l  modules)  mounted on t h e  ATM r a c k .  The CBRM's 
draw power from s e p a r a t e  s o u r c e s ,  ( s o l a r  p a n e l s  o r  ba t t e r ; r )  
b u t  t h e i r  o u t p u t s  a r e  combined t h r o u g h  a power t r a n s f e r  
d i s t r i b u t o r ,  and e n e r g i z e  main and a u x i l i a r y  d i s t r i b u t i o n  n e t -  
works .  Diode i s o l a t i o n  p e r m i t s  these  18  power s o u r c e s  t o  
c o n t r i b u t e  i n d e p e n d e n t l y  t o  t h e  l o a d ,  t h u s  a loss o f  one 
b r a n c h  r e d u c e s  s y s t e m  c a p a c i t y  by 1 /18 .  

a. Bat te r  - The b a t t e r y  f o r  each  module c o n s i s t s  
& e m e t i c a l l y  s e a l e d ,  t h r e e  e l e c t r o d e  n i c k e l -  
cadmium secondary  ( r e c h a r g a b l e )  c e l l s  each  o f  20 
ampere-hours r a t i n g .  The t h i r d  e l e c t r o d e  on each  
c e l l  p ~ c v % d ? s  2 s igns1  t n  t h e  c h a r g e r  c o n t r o l l e r  
i n d i c a t i n g  the  s t a t e  of  c e l l  c h a r g e .  The b a t t e r y  
rated o u t p u t  v o l t a g e  i s  28 .8  VDC a t  f u l l  charge  
and 2 6 . 4  VDC at 30% d i s c h a r g e .  

The l i f e t i m e  of  nickel-cadmium c e l l s  i s  
measured by t h e  number of c h a r g e / d i s c h a r g e  c y c l e s  
t h e  c e l l  can  be s u b j e c t e d  t o  and s t i l l  d e l i v e r  
s p e c i f i e d  c u r r e n t  d e n s i t y  a t  r a t ed  v o l t a g e .  T h i s  
l i f e t i m e  v a r i e s  as an i n v e r s e  f u n c t i o n  o f  t he  d e p t h  
o f  d i s c h a r g e  of t h e  c e l l s .  The ATM b a t t e r i e s  are 
c o n s e r v a t i v e l y  s i z e d  f o r  an ave rage  d i s c h a r g e  d e p t h  
o f  30% which s h o u l d  y i e l d  a 5800 c y c l e  l i f e t i m e  
(Refe rence  7 )  , o r  1 2 . 5  months o p e r a t i o n  u n d e r  t he  
o r b i t a l  pa rame te r s  p l anned  f o r  t h e  A A P - 1  t h rough  
AAP-4 m i s s i o n s .  Dur ing  emergency o p e r a t i o n ,  t h e  
b a t t e r i e s  could be  d i s c h a r g e d  t o  a much g r e a t e r  
d e p t h  f o r  a few times w i t h  no a d v e r s e  e f f e c t s .  
(Re fe rence  8 )  
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b .  B a t t e r y  Charger  - The cha rge  c o n t r o l l e r  of t h e  
CBRM r e c e i v e s  power from t h e  s o l a r  c e l l  arras  
and d i r e c t s  i t - t o  t h e  b a t t e r y  a t  a g i v e n  v o l t a g e  
and c o n t r o l l e d  c u r r e n t  r a t e .  The c h a r g e r  c o n t r o l l e r  
i s  b a s i c a l l y  a c u r r e n t  r e g u l a t o r ,  w i t h  b u i l t  i n  
l o g i c  c i r c u i t r y  which s e n s e s  b a t t e r y  v o l t a g e  and 
c u r r e n t ,  and compares i t  w i t h  l o a d  v o l t a g e  and 
c u r r e n t  r e q u i r e m e n t s .  Energy i s  t r a n s f e r r e d  from 
t h e  s o l a r  a r r a y  t o  t h e  b a t t e r y  a t  a maximum r a t e ,  
as l o n g  as t h e  u n r e g u l a t e d  s o l a r  a r r a y  bus  v o l t a g e  
i s  h i g h e r  t h a n  t h e  r e q u i r e d  b a t t e r y  c h a r g i n g  
v o l t a g e ,  and t h e  b a t t e r y  o u t p u t  v o l t a g e  i s  lower  
t h a n  i t s  f u l l  charge  s t a t e .  The " t h i r d "  e l e c t r o d e  
i n  e a c h  b a t t e r y  c e l l  s i g n a l s  t h e  c h a r g e r  c o n t r o l l e r  
t o  d e c r e a s e  t h e  charge  c u r r e n t  t o  minimum, when t h e  
c h a r g i n g  c y c l e  i s  n e a r i n g  comDlet ion ,  t h e r e b y  
p r e v e n t i n g  an ove rcha rge  c o n d i t i o n  which c o u l d  
c a u s e  hydrogen f o r m a t i o n ,  o v e r h e a t i n g  of  t h e  s e a l e d  
c e l l s ,  and e v e n t u a l  b a t t e r y  c a s e  r u p t u r e  th rough  
e x c e s s i v e  p r e s s a r e  b i l i l d a p .  

c .  R e g u l a t o r  - A p u l s e  w i d t h  modula ted  load m g u l a t o r  
s e n s e s  t h e  ou tpu t  v o l t a g e  abou t  t h e  nominal  28v DC 
v a l u e ,  When t h e  r e g u l a t e d  o u t p u t  bus v o l t a g e  d r o p s  
below the  steady s t a t e  l e v e l ,  due t o  a sudden power 
demand, the  r e g u l a t o r  s w i t c h i n g  l o g i c  i n c r e a s e s  t he  
rlonr' t i m e  o f  t h e  b a t t e r y  s o l a r  a r r a y  i n p u t  (which 
i s  a t  a h i g h e r  v o l t a g e  t h a n  t h e  r e g u l a t e d  b u s ) ,  
u n t i l  t h e  ou tpu t  v o l t a g e  r i ses  t o  t he  d e s i r e d  l e v e l .  

I f  a h i g h e r  than  normal  v o l t a g e  i s  sensed 
a t  t h e  o u t p u t  b u s ,  t h e  d u r a t i o n  of' t h e  r e g u l a c o r  
s w i t c h  c l o s u r e  i s  d e c r e a s e d ,  t h e r e b y  r e d u c i n g  t h e  
a v e r a g e  v a l u e  of t h e  o u t p u t  v o l t a g e  t o  t h e  s p e c i f i e d  
v a l u e .  The ATM r e g u l a t o r  i s  a buck-boost  t y p e  
d e s i g n e d  t o  ho ld  t h e  o u t p u t  bus v o l t a g e  between 
3 1  v o l t s  ( f u l l  l o a d )  w i t h  an i n p u t  t h a t  v a r i e s  f rom 
2 6 . 4 ~  ( b a t t e r y  minimum) t o  9 0  v o l t s  ( s o l a r  a r r a y  
maximum). An i n d u c t a n c e  i n  se r ies  w i t h  t h e  r e g u l a t o r  
h i g h  s p e e d  s w i t c h i n g  t r a n s i s t o r  o u t p u t  re leases  ene rgy  
i n t o  t h e  l o a d  bus when t h e  t r a n s i s t o r  i s  g a t e d  " o f f " ,  
t h e r e b y  s u p p l y i n g  a c o n t i n u o u s  c u r r e n t  f low t o  t h e  
l o a d  and r a i s i n g  t h e  a v e r a g e  v o l t a g e  as r e q u i r e d  t o  
meet t h e  l i m i t s  (29-31  v o l t s ) .  R e g u l a t o r  e f f i c i e n c y  
i s  85% a t  f u l l  l o a d  o u t p u t  of  450 wa t t s .  
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3 .3 .3  ATM E l e c t r i c a l  Power - Networks and D i s t r i b u t i o n  
Subsystem 

The e l e c t r i c a l  power network w i l l  d i s t r i b u t e , s w i . t c h  
and  p r o t e c t  t he  DC power f o r  t he  ATM s y s t e m s .  It a l s o  p r o v i d e s  
a c c e s s  ( t h r o u g h  c o n n e c t o r s  mounted on t h e  r a c k )  f o r  t h e  c a r r y -  
on and swing  arm u m b i l i c a l s  of t h e  E l e c t r i c a l  Suppor t  Equipment 
d u r i n g  p re - l aunch  checkout .  

The Power T r a n s f e r  D i s t r i b u t o r  a c c e p t s  r edundan t  
i n p u t s  t o  t h e  e l e c t r i c a l  power network from p r imary  b a t t e r i e s ,  
ESE u m b i l i c a l s ,  and Charge r -Ba t t e ry -Regu la to r  Modules, e a c h  
s e p a r a t e l y  f u s e d  and d i o d e  i s o l a t e d .  The r edundan t  i n p u t s  f rom 
e a c h  s o u r c e  are  s p l i t  i n  t h e  Power T r a n s f e r  D i s t r i b u t o r  t o  
p r o v i d e  two s e p a r a t e l y  c o n t r o l l e d  and p r o t e c t e d  power b u s e s ,  
which are r o u t e d  on r edundan t  c a b l e s  t o  t h e  a p p r o p r i a t e  ATM 
s y s t e m s  v i a  t h e  main and a u x i l i a r y  d i s t r i b u t i o n  ne tworks .  
Each r edundan t  l o a d  b r a n c h  i s  p r o t e c t e d  b y  a f u s e  or c i r c u i t  
b reaker ,  s i z e d  t o  p r o t e c t  t h e  c a b l i n g  f rom o v e r h e a t i n g .  The 
f u s e s  and c i r c u i t  breakers  a r e  l o c a t e d  i n  t h e  v a r i o u s  
d i s t r i b u t i o n  boxes ,  and are not  a c c e s s i b l e  i n  f l i g h t .  

3 .3 .4  ATM Pr imary  B a t t e r i e s  

A s i l v e r - z i n c  p r i m a r y  b a t t e r y  pack i s  mounted on 
t h e  ATM Rack and connec ted  t o  t h e  ATM e l e c t r i c a l  Dower network 
t h r o u g h  t h e  Power T r a n s f e r  D i s t r i b u t o r .  These b a t t e r i e s  w i l l  
b e  u s e d  t o  o p e r a t e  c r i t i c a l  systems (mainly expe r imen t  pzckage 
and CBRM hea te r s )  i n  t h e  ATM d u r i n g  t h e  p e r i o d  from l aunch  
t h r o u g h  de lp loyment  of  t h e  ATM s o l a r  p a n e l s .  T h i s  p r imary  
s o u r c e  w i l l  c o r ~ ~ i s i  U? %Y, 250 >z~n--Unl1r ,  r-- - ------ 3n re11 u n i t s ,  
o f  t h e  t y p e  p r e s e n t l y  used  i n  t h e  I U .  They w i l l  be  c a p a b l e  of  
s u p p l y i n g  an  a v e r a g e  power of  300 watts f o r  s e v e n t y  h o u r s .  
Upon s u n  a c q u i s i t i o n  by the  s o l a r  a r r a y ,  t h e  p r imary  b a t t e r y  
s y s t e m  w i l l  b e  s w i t c h e d  ou t  o f  t h e  c i r c u i t ,  and t h e  main and 
a u x i l i a r y  ATM l o a d  b u s e s  w i l l  be powered by t h e  normal  s o l a r  
array/CBRM u n i t s .  The secondary  b a t t e r i e s  i n  t h e  CBRM can b e  
manua l ly  s w i t c h e d  t o  t h e  load  i f  t h e  p r imary  s o u r c e  i s  d e p l e t e d ,  
b u t  t h e y  w i l l  have  t o  be r e c h a r g e d  b e f o r e  f u l l  l o a d  c a p a b i l i t y  
i s  a v a i l a b l e .  

3 .3 .5  C o n t r o l  and D i s p l a y  ( C  & D )  System 

A c o n t r o l  and d i s p l a y  f a c i l i t y  i s  l o c a t e d  i n  t h e  
p r e s s u r i z e d  LM-A c a b i n  t o  enable t h e  a s t r o n a u t s  t o  o p e r a t e  and 
m o n i t o r  t h e  per formance  o f  t h e  v a r i o u s  expe r imen t s  and sys tems 
on t h e  Apol lo  T e l e s c o p e  Mount. The c o n t r o l s  and d i s p l a y s  are 
g rouped  i n t o  a c o n s o l e  a r r angemen t ,  mounted i n  t h e  l e f t  hand 
s i d e  of t h e  LM-A a c c e s s  t u n n e l ,  as shown i n  F i g u r e  9 .  The 
c o n s o l e  w i l l  accommodate t w o  a s t r o n a u t  o p e r a t o r s ,  as m i s s i o n  
a c t i v i t i e s  r e q u i r e ,  The C & D c o n s o l e  w i l l  p r o v i d e  m o n i t o r i n g  
i n d i c a t o r s  and c o n t r o l  c i r c u i t r y  f o r  t h e  f o l l o w i n g  ATM f u n c t i o n s :  
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1. E l e c t r i c a l  Power System m o n i t o r i n g  and management. 

2 .  P o i n t i n g  C o n t r o l  System, i n c l u d i n g  t h e  manual c o n t r o l s  
f o r  f i n e  p o i n t i n g  of t h e  Experiment  Package.  

3. C lose  c i r c u i t  t e l e v i s i o n  m o n i t o r s  and camera c o n t r o l s .  
The s i x  cameras a s s o c i a t e d  w i t h  t h e  expe r imen t s  can 
be switched t o  e i t h e r  of t h e  two TV m o n i t o r s .  

4 .  I n d i v i d u a l  expe r imen t  s t a t u s  and c o n t r o l  p a n e l s .  

5 .  C a u t i o n  and Warning i n d i c a t o r  p a n e l s ,  

S a f e t y  cove r s  w i l l  be p l a c e d  about  t h e  c o n s o l e  s w i t c h  
area and i n d i c a t o r s ,  t o  a v o i d  i n a d v e r t e n t  a c t i v a t i o n  or damage by 
t h e  a s t r o n a u t s  moving about  t h e  c a b i n .  The c o n s o l e  p r o v i d e s  more 
t h a n  e l e v e n  s q u a r e  f e e t  o f  c o n t r o l  s u r f a c e  a rea ,  r e q u i r e s  375 
wat ts  ( p e a k )  power t o  o p e r a t e  t h e  d i s p l a y s ,  and w i l l  weigh no 
more t h a n  500 pounds.  A C  power ( a b o u t  100va )  i s  r e q u i r e d  a t  t h e  
C & D c o n s o l e  t o  o p e r a t e  t h e  e l e c t r c l x l x e s  c e E t  p a ~ e l s ,  PCS, h c x 3 e r i F e n t s  
The A C  power w i l l  b e  p rov ided  i n  t h e  LM-A f r o m  the 750 watts a v e r a g e  
DC. power c o n t i n u o u s l y  s u p p l i e d  b y  t h e  ATM,since t h e r e  a r e  no 
p l a n s  t o  supp ly  g e n e r a l  purpose  AC f rom t h e  ATM EPS. The PCS and TV 
m o n i t o r s ,  b e c a u s e  of t h e i r  r e l a t i v e l y  h i g h  power consumption,  
w i l l  r e q u i r e  a c t i v e  thermal  c o n t r o l  from t h e  LM-A e n v i r o n m e n t a l  
c o n t r o l  s y s t e m  t o  keep  t h e  p a n e l  s u r f a c e s  a t  t h e  d e s i r e d  a v e r a g e  
t e m p e r a t u r e  o f  71'F. 

3 . 4  I n s t r u m e n t a t i o n  and Communication ( I  & C )  

The ATM I n s t r u m e n t a t i o n  and Communication System i s  
l o c a t e d  on t h e  r a c k  s t r u c t u r e  and,  e x c e p t  f o r  t h e  c o n t r o l  and 
m o n i t o r i n g  f u n c t i o n ,  i s  independen t  o f  t h e  LM-A. The s y s t e m  
c o n s i s t s  of measu r ing ,  t e l e m e t r y ,  command, a n t e n n a ,  and c l o s e d  
c i r c u i t  t e l e v i s i o n  subsys t ems  as shown i n  F i g u r e s  5 ,  6 ,  7 and 
8.  The I & C s y s t e m  i s  comprised main ly  o f  S a t u r n  IB 
hardware. About T O O  measurements r e p o r t i n g  the  s t a t u s  o f  t h e  
v e h i c l e ,  e x p e r i m e n t s ,  and r e l a t e d  ATM subsys t em per formance  
w i l l  b e  s e l e c t i v e l y  r e c o r d e d  a t  a 4 k i l o b i t / s e c  r a t e ,  and 
telemetered t o  a MSFN r e c e i v i n g  s t a t i o n  a t  a 72 k i l o b i t / s e c  
r a t e ,  whenever  t h e  LM/ATM i s  i n  view o f  a ground s t a t i o n .  
T h e  command subsys t em p r o v i d e s  a means f o r  ground checkout  
and  r emote  o p e r a t i o n  o f  t h e  ATM sys t em.  The c l o s e d  c i r c u i t  
TV s u b s y s t e m  g i v e s  t h e  a s t r o n a u t  a t  t h e  C & D c o n s o l e  i n  t h e  
LM-A c a b i n  t h e  means t o  mon i to r  expe r imen t s  and p o i n t  t h e  
Exper imen t  Package and T e l e s c o p e s .  
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3 . 4 . 1  Measuring Subsystem 

The measu r ing  subsys tem c o n s i s t s  o f  t r a n s d u c e r s  and 
a c c e l e r o m e t e r s ,  mounted a t  s e l e c t e d  measur ing  p o i n t s ,  s i g n a l  
c o n d i t i o n e r s  and measu r ing  r a c k s ,  which d e t e c t  and p r e p a r e  t h e  
a n a l o g  s i g n a l s  f o r  i n p u t t i n g  t o  t h e  t e l e m e t r y  subsys tem.  
Redundant Master Measuring Vo l t age  S u p p l i e s  p r o v i d e  p r e c i s e  
r e f e r e n c e  v o l t a g e s  t o  t h e  s i g n a l  c o n d i t i o n i n g  and measur ing  
r a c k s  t h r o u g h  t h e  a u x i l i a r y  power and measu r ing  d i s t r i b u t o r s .  
T h e r e  are  e i g h t  s i g n a l  c o n d i t i o n i n g  r a c k s ,  which p a s s i v e l y  
c o n d i t i o n  up to 40 low l e v e l  measurements i n  e a c h  r a c k .  The 
h i g h  l e v e l  measurement s i g n a l s  are a c t i v e l y  c o n d i t i o n e d  i n  
two measu r ing  r a c k s .  

3 . 4 . 2  T e l e m e t r y  Subsystem 

The ATM t e l e m e t r y  subsys t em c o n t a i n s  equipment  f o r  
t h e  m u l t i p l e x i n g  o f  a n a l o g  and d i g i t a l  d a t a ,  encod ing ,  f o r m a t t i n g ,  
and s y n c h r o n i z i n g  o f  t h e  d a t a ,  t a p e  s t o r a g e  and p l eyback  
f a c i l i t i e s ,  and VHF t r a n s m i t t e r s  and a n t e n n a s .  Up t o  3 C C  low 
l e v e l  (0 -20  m i l l i v o l t s )  DC i n p u t s  from t h e  s i g n a l  c o n d i t i o n e r  
r a c k s  are a c c e p t e d  by a bank of  f i v e  Remote Analog S u b m u l t i p l e x e r s  
(RASM). These i n p u t s  are  s a m p l e d  1 2  t imes p e r  s econd ,  i n t e r l e a v e d  
i n t o  a s e r i a l  b i t  stream, and a m p l i f i e d  f o r  t r a n s f e r  t o  t h e  model 
270 M u l t i p l e x e r s .  A bank o f  f o u r  m u l t i p l e x e r s  t a k e  t h e  i n p u t s  
f rom t h e  RASM s ,  t h e  CMG measurements from t h e  v i b r a t i o n  a n a l y z e r ,  
t h e  Pleasuring Racks,and LM-A o p e r a t i o n a l  data .  These data a re  
combined w i t h  t h e  d i g i t a l  data m u l t i p l e x e r s  t o  f u r n i s h  two s i g n a l  
w a v e t r a i n  o u t p u t s  f rom t h e  h i g h  l e v e l  m u l t i p l e x e r s .  One o u t p u t  
goes  t o  t h e  PCM/RF assembly ,  where t h e  s i g n a l s  p u l s e  code modula te  
zz FF c z y ~ : e ~ ,  x - 2  the= ? m r \ l i f i P i i  t o  FI t e n  w a t t  Dower l e v e l ,  and 
a p p l i e d  t o  one o f  t h e  t e l e m e t r y  a n t e n n a s  f o r  r e a l  t i m e  t r a n s m i s s i o n  
t o  t h e  MSFN. The second  o u t p u t  f rom t h e  m u l t i p l e x e r  i s  r o u t e d  
t o  t h e  p u l s e  code modula ted  d i g i t a l  da t a  a c q u i s i t i o n  sys t em 
(PCM/DDAS) a s s e m b l y .  The f u n c t i o n  o f  t h e  ASAP u n i t  i s  t o  e x t r a c t  
t h e  p r e s e l e c t e d  da ta  and r e c o r d  i t  on magnet ic  t a p e  a t  a 4 KBPS 
r a t e  f o r  up to 90 m i n u t e s .  Upon command ( e i t h e r  l o c a l l y  from 
t h e  C & D c o n s o l e  or remote ly  v i a  t h e  Command u p l i n k )  t h e  ASAP 
p l a y s  back t h e  s t o r e d  data at a r a t e  1 8  times f a s t e r  t h a n  
r e c o r d e d ,  and modula tes  t h e  ASAP/RF assembly f o r  t r a n s m i s s i o n  
t o  t h e  MSFN a t  a 72 KBPS r a t e  t h rough  t h e  second  t e l e m e t r y  
a n t e n n a .  

A c o a x i a l  swi tch  p e r m i t s  e a c h  RF t r a n s m i t t e r  t o  be 
c o n n e c t e d  t o  e i t h e r  t h e  t e l e m e t r y  a n t e n n a s  l o c a t e d  on t h e  ends  
of t h e  s o l a r  c e l l  wing p a n e l s ,  or t h e  ground checkout  equipment .  
The two t r a n s m i t t e r s  are on d i f f e r e n t  f r e q u e n c i e s  (231 .9  and 
235 .0  mHz) t o  p e r m i t  s imul t aneous  t r a n s m i s s i o n  from e a c h  a n t e n n a ,  
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t h e r e b y  a c h i e v i n g  t h e  b e s t  coverage  t o  t h e  ground r e c e i v i n g  
s t a t i o n .  S imul t aneous  t r a n s m i s s i o n  c a p a b i l i t y  of r e a l  t i m e  
and s t o r e d  da ta  i s  d e s i r a b l e ,  because  the  ASAP u n i t  cannot  
r e c o r d  t h e  4 k i l o b i t / s e c  b i t  s t r e a m  a t  t h e  same t i m e  i t  i s  
“dumping” t h e  s t o r e d  da ta  t o  t h e  ground s t a t i o n ,  and t h e r e f o r e  
some d a t a  would be l o s t .  A d d i t i o n a l l y ,  some da ta  may be 
des i r ed  c o n t i n u o u s l y  i n  r e a l  t ime a t  t h e  ground s t a t i o n  o r  
Miss ion  C o n t r o l  C e n t e r  f o r  f l i g h t  c o n t r o l  a n a l y s i s .  A modula t ion  
s w i t c h i n g  u n i t  p e r m i t s  t h e  t r a n s m i t t e r s  t o  b e  modula ted  i n d i v i d u a l l y  
(one  by r e a l  t i m e  da ta ,  one from t a p e  p layback  d a t a )  or 
s i m u l t a n e o u s l y  by e i t h e r  r ea l  t i m e  or t a p e d  data .  To a c h i e v e  
b e s t  ground s t a t i o n  cove rage ,  s i m u l t a n e o u s  t r a n s m i s s i o n  of  t h e  
dumped data ( w i t h  t h e  loss of  some r e a l  t i m e  da ta )  i s  t h e  
p r e s e n t l y  recommended o p e r a t i o n a l  mode. C o n t i n u i n g  a n t e n n a  
d e s i g n  and coverage  s t u d i e s  may i n d i c a t e  s u f f i c i e n t  s i g n a l  
margin  e x i s t s  t o  a l l o w  s i m u l t a n e o u s  t r a n s m i s s i o n  o f  r e a l  t i m e  
and t a p e d  da ta .  

The measurements t o  be t r a n s m i t t e d  to t h e  ground 

and e v e n t s  da ta  concerned  w i t h  ATM, LDI-A, and exFer imen t s  
h o u s e k e e p i n g  f u n c t i o n s  as w e l l  as samples o f  t h e  expe r imen t  
da t a  which are r e c o r d e d  on f i l m .  The c u r r e n t l y  i d e n t i f i e d  
measurements  are l i s t e d  below ( R e f e r e n c e  8 ) .  

s t a t i o n s  v i a  t h e  ATM t e l e m e t r y  l i n k  c o n s i s t  o f  a n a l o g ,  d i g i t a l  

E xpe r i  men t s 184 

ATM Subsystems m o n i t o r i n g  4 76 
( i n c l u d i n g  exper iment  
hc:”cekeeni no) 

L- - - - -  

LM-A o p e r a t i o n a l  da t a  6 0  

The LM-A o p e r a t i o n a l  pa rame te r s  which are  r e q u i r e d  t o  be  
te lemetered  when t h e  LM-A/ATM i s  docked t o  t h e  OWS/AM/MDA 
are b r idged  t o  t h e  ATM. A f t e r  ATM a c t i v a t i o n ,  t h e  LM-A 
communicat ions s y s t e m  i s  shutdown, and LM/A da ta  i s  s i m p l y  
downl inked  on t h e  ATM t e l e m e t r y  sys t em.  

S p e c i a l  m o n i t o r i n g  o f  t h e  LM/ATM pay load  s t a t u s  
f rom l a u n c h  t o  S- IVB bu rnou t  i s  p r o v i d e d .  Two a c o u s t i c  and 
38 v i b r a t i o n  measurements w i l l  b e  made a t  c r i t i c a l  p o i n t s  on 
t h e  LM/ATM and SLA s t r u c t u r e  d u r i n g  t h e  b o o s t  phase.  The 
da t a  w i l l  b e  p r o c e s s e d  and t e l e m e t e r e d  t o  t h e  ground s t a t i o n s  
v i a  two wideband VHF t r a n s m i t t e r s  and t h e  e x i s t i n g  S a t u r n  1B 
I U  a n t e n n a  sys t em.  
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3.4.3 Command Subsystem 

The ATM d i g i t a l  command subsys t em c o n s i s t s  o f  
r edundan t  t y p e  MCR-503D command r e c e i v e r s  and d e c o d e r s .  
The r e c e i v e r  i s  an upda ted  v e r s i o n  o f  t h e  S a t u r n  1B I U  
command sys t em.  It d e t e c t s  t he  phase  s h i f t  keyed command 
word which was t r a n s m i t t e d  from t h e  ground s t a t i o n  on a 450 
mHz c a r r i e r ,  and o u t p u t s  t h e  composi te  baseband waveform t o  
t h e  d e c o d e r .  The d e c o d e r  demodulates  and s e p a r a t e s  t h e  35 b i t  
command word, per forms an error check and r o u t e s  t h e  18 
i n f o r m a t i o n  b i t s  t o  the  ATM s w i t c h  s e l e c t o r s  and/or  c o n t r o l  
computer  a c c o r d i n g  t o  t h e  command word i n t e r n a l  address.  For  
each  command word r e c e i v e d ,  a f t e r  examina t ion  i n  t h e  d e c o d e r  
for p r o p e r  v e h i c l e  a d d r e s s  and p a r i t y  coun t ,  an Acceptance 
V e r i f i c a t i o n  P u l s e  i s  g e n e r a t e d  and t r a n s m i t t e d  back  t o  t h e  
ground s t a t i o n  v i a  t h e  ATM t e l e m e t r y  s y s t e m  t o  p r o v i d e  an 
a u t o m a t i c  acknowledgment or Message Acceptance P u l s e .  

Through t h e  u s e  o f  f i v e  s e l e c t o r  s w i t c h e s ,  UD t o  
560 r e a l  t i m e  commands can b e  s e n t  (one  a t  a t i m e )  t o  t n e  
ATM, f o r  remote c o n t r o l  of t h e  ATM subsys tems and e x n e r i m e n t s .  
T h e  s w i t c h  s e l e c t o r s  can a l s o  be c o n t r o l l e d  on boa rd  by i n p u t s  
f rom t h e  C & D c o n s o l e  d i g i t a l  keyboard  i n  t h e  LM-A. T h e  
command decode r  a l s o  i n p u t s  t o  t he  ATM d i g i t a l  and c o n t r o l  
computers ,  t o  p r o v i d e  a u t o m a t i c  u p d a t i n g  o f  i n f o r m a t i o n  f o r  
t h e  p o i n t i n g  c o n t r o l  system, and sys t ems  t i m i n g  s e c t i o n  o f  t h e  
d i g i t a l  computer .  The ATM command and t i m i n g  f u n c t i o n a l  
r e l a t i o n s h i p  as shown i n  F i g w e  7 .  

3.4.4 Antenna Subsystem 

The ATM an tenna  subsys t em c o n s i s t s  o f  two t e l e m e t r y  
(TLM) t r a n s m i t t i n g  an tennas  and  two command r e c e i v i n g  a n t e n n a s .  
The a n t e n n a s  are mounted on p a n e l s  l o c a t e d  a t  t h e  ends  of  two 
a d j a c e n t  s o l a r  array wings as shown i n  F i g u r e  1. Antenna 
cove rage  p a t t e r n  s t u d i e s  are n o t  completed due t o  l a c k  o f  
d e f i n i t i o n  of  t he  s o l a r  a r r a y s ,  and shadowing e f f e c t s  o f  t h e  
o r b i t a l  a s sembly ,  ATM sys tem d e s i g n  g o a l s  r e q u i r e  o m n i d i r e c t i o n a l  
a n t e n n a s  w i t h  9 0  p e r c e n t  ground ne twork  cove rage  f o r  t he  command 
s y s t e m  and 75 p e r c e n t  coverage f o r  t e l e m e t r y .  P r e s e n t  c o n f i g u r a t i o n s  
show n o t c h e d  t e l e m e t r y  an tennas  and s c i m i t a r  command a n t e n n a s .  
T h i s  a n t e n n a  c o n f i g u r a t i o n  p roduces  s e v e r a l  o b j e c t i o n a b l e  n u l l s  
o r  b l i n d  s p o t s  i n  t h e  an tenna  p a t t e r n s , a n d  p r e s e n t  s t u d i e s  
( R e f e r e n c e  1 0 )  i n d i c a t e  p a i r s  o f  o r t h o g o n a l l y  mounted d i p o l e  
a n t e n n a s  may produce  more un i fo rm and e f f i c i e n t  cove rage .  S i n c e  
these d i p o l e s  would be l o c a t e d  on t h e  end p a n e l s  o f  t h e  s o l a r  
arrays i n  p l a c e  of  t he  p r e s e n t  s c i m i t a r  and n o t c h  a n t e n n a s  shown 
i n  F i g u r e  1, d i f f i c u l t y  may be e x p e r i e n c e d  when t h e  p a n e l s  are i n  
t h e  s towed p o s i t i o n .  
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The a n t e n n a s  are  connec ted  t o  t h e i r  r e s p e c t i v e  TLM 
t r a n s m i t t e r s ,  and command r e c e i v e r s  on t he  ATM r a c k  by f l e x i b l e  
c o a x i a l  c a b l e  r o u t e d  a l o n g  t h e  edge o f  t h e  s o l a r  array wings .  
The l o c a t i o n  o f  t h e  a n t e n n a s  on t h e  ends  of t h e  s o l a r  a r r a y  p a n e l s  
w i l l  n o t  p e r m i t  o p e r a t i o n  u n t i l  t h e  LM/ATM i s  a c t i v a t e d  and t h e  
s o l a r  p a n e l s  have been  deployed from t h e  s towed p o s i t i o n .  

3 . 4 . 5  T e l e v i s i o n  Subsystem 

The ATM I & C t e l e v i s i o n  subsys t em i s  shown i n  
F i g u r e  8. 
t h e  a s t r o n a u t s  a t  t h e  C o n t r o l  and D i s p l a y  Console  t o  m o n i t o r  
t h e  s o l a r  d i s c  f rom any one o f  s i x  cameras ,  and a s s i s t  i n  
p o i n t i n g  of  t h e  expe r imen t  package as r e q u i r e d .  The sys t em 
c o n s i s t s  of  t h e  s i x  cameras mounted on t h e  expe r imen t  s p a r ,  
s i x  camera c o n t r o l  u n i t s  t o  a d j u s t  o p t i c s  and f i l t e r s ,  r edundan t  
synch  g e n e r a t o r s ,  and two v i d e o  s w i t c h e s  and m o n i t o r s .  The 
v i d e o  s w i t c h e s  and m o n i t o r s  p e r m i t  e i t h e r  ( o r  b o t h )  m o n i t o r s  
t o  a c c e p t  o u t p u t  o f  any camera,  The TV cameras and t h e i r  
expe r imen t  a s s ignmen t s  are  l i s t e d  i n  T a b l e  11. 

3 .5  Exper iments  

It i s  d e s i g n e d  as a c l o s e d  c i r c u i t  sys t em t o  p e r m i t  

The ATM p a y l o a d  i s  t h e  expe r imen t  package .  E i g h t  
s o l a r  o b s e r v a t i o n  t e l e s c o p e  sys t ems  w i t h  cameras , f i l m  c a s e t t e s  , 
t e l e m e t r y  s e n s o r s ,  and s i x  TV m o n i t o r i n g  cameras are mounted on 
t h e  expe r imen t  s p a r ,  which s e r v e s  as a common o p t i c a l  bench .  
The expe r imen t s  are loaded  w i t h  camera and f i l m  a t  l a u n c h ;  e a c h  
f i l m  l o a d  i s  c a l c u l a t e d  t o  l a s t  abou t  1 4  days under  nominal  
frame exposure  r a t e s .  Replacement s e t s  of  camer3s and f i l m  for 
each expe r imen t  as r e q u i r e d  w i l l  b e  c a r r i e d  i n  t h e  LY-A f o r  sub- 
s e q u e n t  exchange w i t h  t h e  exposed f i l m  c a s e t t e s  by  an a s t r o n a u t  
p e r f o r m i n g  EVA. 

Two o f  t h e  expe r imen t s  (NRL/A and NRL/B) are d e s i g n e d  
t o  be  s e r v i c e d  i n  f l i g h t  from t h e  s u n  end of  t h e  expe r imen t  
package ,  t h e  r ema inde r  from a c c e s s  h a t c h e s  i n  t h e  s i d e  of t he  
can i s t e r  n e a r  t h e  LM-ATM i n t e r f a c e .  A d e s c r i p t i o n  of t h e  e x p e r i -  
ments and t h e i r  f u n c t i o n s  a r e  l i s t e d  i n  t h e  subsequen t  p a r a g r a p h s  
of t h i s  s e c t i o n .  

3 . 5 . 1  White L i g h t  Coronagraph ( S O 5 2 )  
(Sponsored by High A l t i t u d e  O b s e r v a t o r y )  

T h i s  i n s t r u m e n t  w i l l  p h o t o g r a p h i c a l l y  r e c o r d  h i g h  
a n g u l a r  r e s o l u t i o n  images o f  t h e  corona  s u r r o u n d i n g  t h e  s u n  i n  
t h e  r e g i o n  of 1 . 5  t o  6 . 0  solar  r a d i i .  The shape  o f  t h e  c o r o n a ,  
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i t s  p o l a r i z a t i o n ,  i n t e n s i t y ,  and c o r r e l a t i o n  w i t h  f e a t u r e s  on 
t h e  s o l a r  s u r f a c e  w i l l  be c o n t i n u o u s l y  obse rved  d u r i n g  a t  
l e a s t  one complete  s o l a r  r o t a t i o n  (aDproximate ly  2 8  d a y s ) .  A 
s ea l ed  camera and 35 mm f i l m  r e e l  i s  mounted i n  a removable  
c a s e t t e  and c o n t a i n s  enough f i l m  f o r  a b o u t  1 4  days o f  o p e r a t i o n .  
The camera has f o u r  modes o f  o p e r a t i o n  under  c o n t r o l  of  t he  
a s t r o n a u t  o p e r a t o r  a t  t h e  C & D  c o n s o l e  i n  t h e  LM-A. The normal  
or d a i l y  p a t r o l  mode w i l l  be u s e d  f o r  r o u t i n e  p h o t o g r a p h i n g  o f  
t h e  s lowly  o c c u r i n g  s o l a r  e v e n t s .  I n  a d d i t i o n  t he re  i s  a l o n g  
p a t r o l  mode and two (s low and r a p i a )  f l a r e  sequence  modes. 
Each camera / f i lm c a s e t t e  w i l l  weigh 19 l b s .  w i t h  a volume o f  
. 2 7  f t 3 .  

3 .5 .2  Extreme U l t r a v i o l e t  (XUV) S p e c t r o g r a p h / H e l i o g r a p h  
(SO82 A/B) (Sponsored by Naval  Research  L a b o r a t o r y )  

XUV S p e c t r o h e l i o g r a p h  ( so82  A )  

The p u r p o s e  o f  the XUV s p e c t r o h e l i o g r a p h  i s  t o  
p h o t o g r a p h i c a l l y  r e c o r d  r a d i a t i o n  i n  s e l e c t e d  wave l e n g t h s  
of t h e  s o l a r  spec t rum bctween 150 and 625 Angstroms w h i l e  
o b s e r v i n g  t h e  s o l a r  s u r f a c e  and  chromosphere.  The i n s t r u m e n t  
c o n s i s t s  e s s e n t i a l l y  o f  a concave g r a t i n g  which r e c e i v e s  l i g h t  
d i r e c t l y  f rom t h e  s u n  and r e f l e c t s  a s p e c t r u m  o f  s o l a r  images 
on t h e  f i l m .  A 400 exposure  f i l m  pack i s  p r o v i d e d  which w i l l  
n o r m a l l y  be exposed  once every  1 2  hour s  t o  r e c o r d  l o n g  t i m e  
changes .  A r a p i d  sequence  mode s e l e c t  s w i t c h  i s  a v a i l a b l e  
a t  t h e  C&D c o n s o l e  t o  r e c o r d  q u i c k l y  changing  s o l a r  e v e n t s  
as t h e y  o c c u r .  The f i l m  pack and camera have  a volume o f  
2 f t 3  and weigh 40 l b s .  

XUV Spec t rog raph  (SO82 B )  

A companion expe r imen t ,  d e s i g n a t e d  NLR/B, i s  t h e  
XW S p e c t r o g r a p h  which i s  d e s i g n e d  t o  r e c o r d  l i n e  s p e c t r o g r a m s  
of s o l a r  r a d i a t i o n  i n  t h e  s p e c t r a l  r a n g e  970 t o  3940 Angstroms 
of  small areas o f  t h e  s o l a r  s u r f a c e  a t  v a r i o u s  l e v e l s  a c r o s s  
t h e  l i m b .  T h i s  expe r imen t  has a camera / f i lm  c a s e t t e  and mode 
of  o p e r a t i o n  s imilar  t o  (SO82 A )  e x c e p t  t h a t  i t  makes e i g h t  
e x p o s u r e s  f o r  e a c h  o f  t he  200 f i l m  s t r i p s  i n s t e a d  o f  one 
e x p o s u r e  pe r  s t r i p  as i n  (SO82 A ) .  I t  a l s o  u t i l i z e s  t h e  XUV 
m o n i t o r  t e l e s c o p e  d e s c r i b e d  below,  and  i n c o r p o r a t e  a TV camera 
( T e l e v i s i o n  Subsys tem Camera I V )  f o r  a p r e c i s e  p o i n t i n g  
r e f e r e n c e  f o r  t h e  expe r imen t .  
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An XUV m o n i t o r i n g  t e l e s c o p e  i s  a s s o c i a t e d  w i t h  t h i s  
e x p e r i m e n t .  The m o n i t o r i n g  t e l e s c o p e  i s  s e p a r a t e l y  housed and 
o p t i c a l l y  a l i g n e d  w i t h  t h e  XUV e x p e r i m e n t .  It w i l l  p r o v i d e  t h e  
a s t r o n a u t  a t  t he  C&D c o n s o l e  mon i to r  w i t h  a v i s u a l  p r e s e n t a t i o n  
of  the  s o l a r  image i n  extreme u l t r a v i o l e t  t o  i d e n t i f y  s o l a r  
phenomena which would n o t  b e  v i s a b l e  a t  t h e  l o n g e r  w a v e l e n g t h s .  
To accompl i sh  t h i s ,  a s p e c i a l  f i l t e r  and c o n v e r t e r  t r a n s l a t e s  
t h e  XUV t o  a s h o r t e r  wavelength  image which e x c i t e s  a v i d e o  
camera (TV camera No. 111) i n  t h e  c l o s e d  c i r c u i t  t e l e v i s i o n  
s ub s y s t e m .  

3 .5 .3  X-Ray S p e c t r o g r a p h i c  T e l e s c o p e  (SO541 
(Sponsored  by American S c i e n c e  and E n g i n e e r i n g )  

T h i s  expe r imen t  w i l l  p h o t o g r a p h i c a l l y  r e c o r d  x-ray 
e m i s s i o n s  o f  s o l a r  f l a r e s  w i t h  a r e s o l u t i o n  o f  2 a r c  s e c o n d s .  
It w i l l  s i m u l t a n e o u s l y  r e c o r d  e m i s s i o n s  i n  t h e  2 t o  1 0  Angstrom 
s p e c t r u m  w i t h  a r e s o l u t i o n  of  l e s s  t h a n  one angstrom. 

The i n s t r u m e n t  c o n s i s t s  of a d o u b l e - r e f l e c t i n g  
g r a z i n g  i n c i d e n c e  x-ray o p t i c a l  sys t em w i t h  an o b j e c t i v e  g r a t i n g  
which f u n c t i o n s  as a s l i t l e s s  s p e c t r o g r a p h .  A f l a r e  d e t e c t o r  and 
=Image d i s s e c t o r  i s  mounted w i t h i n  t h e  exper iment  i n  a d d i t i o n  t o  
t h e  main t e l e s c o p e  t o  p r o v i d e  a n  x - r ay ' image  o f  t h e  s u n  t o  t h e  
a s t r o n a u t  a t  t h e  C & D  c o n s o l e .  T h i s  d i s p l a y  w i l l  e n a b l e  t h e  
a s t r o n a u t  t o  o b s e r v e  f lares  on t h e  s o l a r  s u r f a c e  and s e l e c t  
a c t i v e  r e g i o n s  f o r  c l o s e r  examina t ion .  A sealed camera and 
70 mm f i l m  c a s e t t e  p r o v i d e s  a nominal  14 days o f  o p e r a t i o n .  
The c a s e t t e  weigh 3 1  l b s .  and measures  1 2 "  x 22" x 6 "  C.91 f t 3 ) .  

The camera, under c o n t r o l  o f  t h e  a s t r o n a u t  a t  the  
C & D  c o n s o l e  can  be o p e r a t e d  i n  e i t h e r  a manual ( a s t r o n a u t  
i n i t i a t e d ) ,  a u t o m a t i c  ( p i c t u r e  sequences  i n i t i a t e d  e v e r y  5 
m i n u t e s  o f  s u n l i g h t ) ,  or r ap id  a u t o m a t i c  (10 exposures /minu te  
d u r i n g  f l a r e  development ) mode. 

3 .5 .4  U l t r a v i o l e t  Scann ing  S p e c t r o m e t e r  (S083)  
(Sponsored  by Harvard C o l l e g e  Obse rva to ry )  

UV S c a n n i n g  S p e c t r o m e t e r  

T h i s  i n s t r u m e n t  w i l l  o b s e r v e  and r e c o r d  s e l e c t e d  
s p e c t r a l  l i n e s  i n  t h e  UV spec t rum below 1300 Angstrom o f  s e l e c t e d  
small areas of t h e  s o l a r  d i s c .  It w i l l  a l s o  make r a d i a t i o n  
measurements  of t he  pho tosphe re ,  chromosphere and co rona .  The 
i n s t r u m e n t  c o n s i s t s  o f  a s p e c t r o h e l i o s c o p e  which w i l l  examine 
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a 5 a r c  minute  by 5 a r c  minute  r a s t e r  and t r a n s m i t  t h e  s c a n  
l i n e  o u t p u t s  from a bank of mul t i - channe l  p h o t o - m u l t i p l i e r s  t o  
t h e  ATM t e l e m e t r y  sys t em f o r  t r a n s m i s s i o n  t o  MSFN. 

Long Wave l e n g t h  S p e c t r o m e t e r  
0 0 

The l o n g  wavelength  (1300 A - 2200  A )  s p e c t r o m e t e r  
( H C O / B )  has a hydrogen-a lpha  f i l t e r  and nar row f i e l d  of  view 
v i d i c o n  a s s o c i a t e d  w i t h  t h e  c lock  and camera / f i lm  sys t em t o  
ass i s t  i n  a l ignmen t  and p o i n t i n g  o f  t h e  UV s D e c t r o m e t e r .  T h i s  
H-a t e l e s c o p e  and m o n i t o r  sys t em ass i s t s  i n  p o i n t i n g  and 
a l i g n m e n t  of  t h e  SO83 s c a n n i n g  s p e c t r o m e t e r  (ATM T e l e v i s i o n  
Subsys tem Camera V ) ,  

The f i l m  camera c a s e t t e  a s s o c i a t e d  w i t h  SO83 weighs 
15 l b s .  and measures  14" x 11" x 5" ( . 5  f t 3 ) .  

HCO/Hydrogen-Alpha Te le scope  (Ha#l) 

A s e p a r a t e  HCO/H-a t e l e s c o p e  s y s t e m  (Ha#l) i s  p r o v i d e d  
t o  g i v e  a t i m e  a n n o t a t e d  c o r r e l a t i o n  o f  t h e  p h o t o g r a p h i c  and 
te lemetered data from SO83 by p h o t o g r a p h i n g  whole sun  f i l t e r -  
grams i n  narrow band o f  the hydrogen-a lpha  l i n e  w i t h  a camera 
and  v i d i c o n  m o n i t o r i n g  sys t em w i t h  a v a r i a b l e  f i e l d  o f  view 
(zoom c a p a b i l i t y ) , w h i c h  can  o b s e r v e  t h e  e n t i r e  s o l a r  d i s c  o r  
smaller  areas of i n t e r e s t .  T h i s  HCO/H-a t e l e s c o p e  m o n i t o r i n g  
and m i s s i o n  e l a p s e d  t i m e  r e c o r d i n g  c a p a b i l i t y  w i l l  also s e r v e  
t o  c o r r e l a t e  t h e  o t h e r  expe r imen t s  which measure d i f f e r e n t  
w a v e l e n g t h s  o f  s o l a r  r a d i a t i o n .  

The camera / f i lm c a s e t t e s  f o r  t h e  HCO/H-a t e l e s c o p e  
are s imilar  i n  s i z e ,  weight ,  and f u n c t i o n  t o  t h e  S O 8 3  expe r imen t  
e x c e p t  t h a t  th ree  s p a r e  c a s e t t e s  are c a r r i e d  i n  t h e  LM-A. Each 
c a s e t t e  s h o u l d  r e c o r d  approx ima te ly  1 4  days o f  s o l a r  o b s e r v a t i o n s  
s o  t h a t  a complete  H-a h i s t o r y  o f  t he  ATM m i s s i o n  w i l l  b e  r e c o v e r e d .  

3 .5 .5  X-Ray T e l e s c o p e  ( S 0 5 6 )  
(Sponsored  by GSFC) 

T h i s  exper iment  u t i l i z e s  a g l a n c i n g  i n c i d e n c e  x-ray 
and  ex t reme u l t r a v i o l e t  (XUV) t e l e s c o p e  i n s t r u m e n t  w i t h  a p p r o p r i a t e  
f i l t e r s  t o  o b s e r v e  t h e  d i s t r i b u t i o n  of s o l a r  x-rays i n  a number 
of  s p e c t r a l  bands i n  t h e  wavelength  r e g i o n  o f  3 t o  60  angs t roms .  

S o l a r  images a r e  r e c o r d e d  on 35 mm UV s e n s i t i v e  
p h o t o g r a p h i c  f i l m .  One f i lm/camera  c a s e t t e  i s  loaded  i n  t h e  
i n s t r u m e n t  p r i o r  t o  l aunch  and w i l l  las t  approxj rna te lg  1 4  days  
Each c a s e t t e  weighs  1 3  l b s .  and  measures  1 5 "  x 11" x 3" ( . 3  f ' t j ) .  
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0 0 

T o t a l  x-ray f l u x  i n  t h e  r e g i o n  o f  2 A t o  8 A w i l l  be  measured by 
two p r o p o r t i o n a l  c o u n t e r s .  The c o u n t e r s '  o u t p u t s  are  r e c o r d e d  
on magne t i c  t a p e  f o r  "dumping" t o  t h e  MSFN v i a  t h e  ATM t e l e m e t r y  
subsys t em and f u r t h e r  c o n d i t i o n e d  f o r  C & D  c o n s o l e  a c t i v i t y  
i n d i c a t o r s .  A s t r i p  c h a r t  r e c o r d e r  i n  t h e  LM-A w i l l  a l s o  b e  
used  t o  g i v e  a permanent  t ime h i s t o r y  of  x-ray a c t i v i t y  i n  t h e  
r e s p e c t i v e  s p e c t r a l  r e g i o n s ,  

4 . 0  APOLLO TELESCOPE MOUNT WEIGHT SUMMARY 

The most r e c e n t  e s t i m a t e s  of  t h e  ATM component 
w e i g h t s  d e r i v e d  from Refe rences  6 and 9 are  summarized i n  
Tab le  111. 

5.0  APOLLO TELESCOPE MOUNT INTERFACES 

The ma jo r  i n t e r f a c e s  o f  t h e  ATN a r e  s t r u c t u r a l ,  
e l e c t r i c a l  power,  c o n t r o l  and d i s p l a y  s i g n a l  l e a d s ,  and 
t e l e m e t r y  t o  t he  LM-A. I n  a d d i t i o n ,  t h e  ATM r a c k  w i l l  have 
a s t r u c t u r a l  i n t e r f a c e  w i t h  t h e  SLA th rough  t h e  LM a t t a c h  
p o i n t s .  A b a s i c  d e s i g n  c r i t e r i a  i s  t o  minimize a l l  ATM i n t e r -  
f a c e s ,  l e a d i n g  t h e r e f o r e  t o  t h e  many s e l f c o n t a i n e d  subsystems 
as d e s c r i b e d  i n  S e c t i o n  3.0 o f  t h i s  r e p o r t .  

5 . 1  S t r u c t u r a l  I n t e r f a c e  

The s t r u c t u r a l  connec t ions  b e t x e e n  t h e  ATW r a c k  and 
t h e  LM-A are  s imi la r  t o  t h e  s t r u c t u r a l  i n t e r f a c e  between t h e  
p r e s e n t  Lunar  Module a s c e n t  and d e s c e n t  s t a g e s  e x c e p t  t h e r e  
w i l l  be  no p r o v i s i o n  f o r  emergency s e p a r a t i o n  o f  t h e  LM-A and 
t h e  ATM r a c k .  

5 . 2  E l e c t r i c a l  Power 

a v e r a g e  power o f  759 w a t t s  c o n t i n u o u s l y  t o  t h e  LM-A a f t e r  
s o l a r  a r r a y  deployment .  The i n t e r c o n n e c t i n g  e l e c t r i c a l  
c a b l i n g  t o  t h e  LM-A w i l l  be  s i z e d  t o  h a n d l e  peak e l e c t r i c a l  
loads of 1600 W .  An e l e c t r i c a l  ground c a b l e  w i l l  b e  r u n  fron;  
a p o i n t  ground on t h e  ATM r a c k  i n t o  t h e  power t e r m i n a l  i n  t h e  
LM-A. These two se t s  of  c a b l e s  w i l l  p e n e t r a t e  t h e  p r e s s u r i z e d  
LM c a b i n  v i a  sea led  feed- through c o n n e c t o r s  i n  t h e  a s c e n t  
e n g i n e  w e l l  c o v e r .  An a d d i t i o n a l  power t r a n s f e r  c a b l e  r a t ed  
f o r  one-hundred amperes w i l l  b e  r u n  e x t e r n a l l y  from t h e  ATM 
e l e c t r i c a l  power b u s ,  around t h e  o u t s i d e  o f  t h e  LM-A caS in  t o  
a r i se r  which feeds through t h e  LM-A dock ing  t u n n e l .  T h i s  se t  
of  c a b l e s  w i l l  p e r m i t  subsequen t  i n t e r n a l  c o n n e c t i o n  th rough  
t h e  MDA t o  t h e  e l e c t r i c a l  d i s t r i b u t i o n  p a n e l  i n  t h e  A i r l o c k  
Module f o r  t h e  t r a n s f e r  of up t o  1800 watts t o  s p e c i f i c  l o a d s  
i n  t h e  ATM. The c a b l e s  can a l s o  be  a r r a n g e d  t o  t r a n s f e r  power 
( u p  t o  2500  wa t t s )  from t h e  ATM power t r a n s f e r  d i s t r i b u t o r  t o  
s p e c i f i c  l o a d s  i n  t h e  AM.  These  two b u s e s  w i l l . n o t  be  p a r a l l e l e d .  

The ATM e l e c t r i c a l  power sys t em w i l l  p r o v i d e  an 
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Table  I11 

Element  

APOLLO TELESCOPE MOUNT WEIGHT SUMMARY* 

Weight (Pounds)  

Rack 

S t r u c t u r e  
. I n s t r u m e n t a t i o n  & Communication 

C o n t r o l  System 
E l e c t r i c a l  Power System ( 1 8  CBRM) . S o l a r  Arrays . Experiment  Suppor t  Equipment 
Thermal  C o n t r o l  System 

9 Misce l l aneous  

13,210 

2851 

1 9  84 

4070 
1 2 0  
180*** 
777 

706** 

2 5 2 2  

Exper iment  Package 

- S t r u c t u r e  2 2 8 9  
Thermal C o n t r o l  System 

Exper iments  2 0 2 7  
Wi r ing  156 
Misce l l aneous  Bracke t s  , e t c .  257 

( C a n i s t e r  L i q u i d  Coo l ing )  489"""" 

5 , 2 1 8  

PROJECTED ATM WEIGHT ( 3 / 1 / 6 8 )  

CONTROL WEIGHT ALLOCATED 

GROWTH M A R G I N  

1 8 , 4 2 8  

1 8 , 9 0 0  

472  l b s .  

* Source  - References  6 and 9 .  
**  I n c l u d e s  20 l b s .  for r edundan t  command equipment .  
*** I n c l u d e s  150 l b s .  es t imate  f o r  a d d i t i o n a l  p a s s i v e  t h e r m a l  

****TO be a d j u s t e d  when a c t i v e  t h e r m a l  d e s i g n  i s  f i r m .  
c o n t r o l .  
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r s t e m  w i l l  a l s o  i n t e r f a c e  ? i t h  
t h e  l aunch  pad E l e c t r i c a l  Suppor t  Equipment (or A C E )  t h r o u g h  t h e  
SLA e l e c t r i c a l  u m b i l i c a l  connec to r s  and d r a g - i n  c a b l e s  when t h e  
LM/ATM i s  i n  t h e  l aunch  c o n f i g u r a t i o n .  E x i s t i n g  SLA u m b i l i c a l  
c a b l e s  and  c o n n e c t o r s  are  u n d e r s i z e d  f o r  t h e  a n t i c i p a t e d  ATM p r e -  
l aunch  e l e c t r i c a l  l o a d s .  Drag-in c a b l e s  w i l l  s upp ly  a d d i t i o n a l  
ground power t o  t h e  ATM t r a n s f e r  d i s t r i b u t o r  t h rough  t h e  SLA 
a c c e s s  p a n e l s .  

5 . 3  C o n t r o l s  and D i s p l a y s  

' The ATM c o n t r o l s  and d i s p l a y s  w i l l  be  mounted on 
c o n s o l e s  l o c a t e d  i n  t h e  l e f t  hand m i d d l e  s e c t i o n  of  t h e  LM-A 
a c c e s s  t u n n e l .  S i g n a l  l e a d s  for t h e s e  c o n t r o l s  and d i s p l a y s  
w i l l  b e  r o u t e d  th rough  t h e  a s c e n t  e n g i n e  w e l l  cove r  to 
t h e  a p p r o p r i a t e  e x p e r i m e n t s  and i n s t r u m e n t s  on t h e  ATM. 

5 . 4  I n s t r u m e n t a t i o n  and Communication 

P r o v i s i o n s  a r e  made for 60 h i g h  l e v e l  s i g n a l s  
( p r i m a r i l y  LM-A o p e r a t i o n a l  measurements)  t o  be t r a n s f e r r e d  
t o  t h e  ATM f o r  m u l t i p l e x i n g  w i t h  t h e  ATM t e l e m e t r y  d a t a  and 
s u b s e q u e n t  t r a n s m i s s i o n  t o  t h e  MSFN. A b r i d g i n g  network i n  
t h e  LM-A w i l l  s u p p l y  t h e s e  s i g n a l s  t o  t h e  LM-A S-Band 
communications s y s t e m  and t o  t h e  ATM VHF sys t em.  The da ta  
w i l l  b e  downlinked from whichever  t r a n s m 9 t e r  i s  e n a b l e d .  

1022-LAF-mef 

Attachment  
R e f e r e n c e s  
F i g u r e s  1 - 9  





EXPERIMENT 
PACKAGE 

RACK 
STRUCTURE 

CRUCIFORM 
STRUCTURE (SPAR) 

INNER GIMBAL RING 

OUTER GIMBAL RING 

FIGURE 2 - ATM RACK AND EXPERIMENT PACKAGE 



I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
1 
I 
I 

I a 

---L--Lu I 

- 



SOLAR 
SOURCES 

( 1 0  I 

SOLAR 

( 1 8  1 
SOURCES . 1 

r SOLAR 
POWER 

DISTRIBUTOR 

I 
CHARGER 
BATTERY 

REGULATOR 
MODULE 

( 1 8  ) 

I 
E S E  J I POWER? MAIN POINTING 

POWER J CONTROL 

SUBSYSTEM DISTRIBUTOR 

I 
. 

F 
EXPERIMENTS 

c 

GIMBAL 

CONTROLS 

EXPERIMENTS 

GIMBAL 1 CONTROLS 

I T V  

EQUIPMENT CONTROL ALIXILIART 
POWER - DISTRIBUTOR 

DISTRIBUTOR # I  
k 

I 
L 

MEASURING 
COMMAND DlSTR IBUTOR 

# l  

1 

A 
FIGURE 4 - ATM ELECTRICAL POWER DISTRIBUTION 



W 
Y) 

cd a n n 

I 

W 
el 

W W 
v) 
W 

L 
I 7  

a e 
2 
W a€ 

J -  3 
' 2  

w 
0 
b 

4: 
I- * 
0 

.a 

4 
2 
4 

3 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

J cji 
I 
I 
I 
I 
I 

Ov) I 
I 
I 

I 
I 
I 

a 
zv) 
OI- -z 
I - W  
4I 
PCW 
W E  
c L 3  

4 w  
l r  

a 

3 I 

t 

CL 
W- 

w n -  
L a  .. 
4 0 -  
I-0- w u  

CL 

.. 
v) 
I- a =  

I-W 
4 3 E  n- a w w  
Z L  - - w  
n w  

z a  
3 r  
0 0  

--LL * 

cy 
Ln z Qo 

0 
v) 

3 
I- 
v) * 
v) 

< 
I- 
4 
n 

f 
4 

I 

(0 



W 
n 
0 - -  
0* 
W 
n 

T 
Ly 
v) 
W 

In 
I 

v) 
v) 

pr) 
I 

v) 
v, 

- 
I 

v) 
v) 

f 
4 



<- V I  



FIGURE 9 - ATM CONTROL AND DISPLAY CONSOLE 
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